The Apollo 14 lunar landing provided a greater amount of information on the mechanical properties of the lunar soil than previous missions because of the greater area around the landing site that was explored and because a simple penetrometer device, a special soil mechanics ti•ench, and the modularized equipment transporter (Met) provided data of a type not previously available. The characteristics of the soil at shallow depths varied more than anticipated in both lateraJ and vertical directions. While blowing dust caused less visibility impairment during landing than on previous missions, analysis shows that eroded particles were distributed over a large area around the final touchdown point. Measurements on core-tube samples and the results of transporter track anaJyses indicate that the average density of the soil in the Fra Mauro region is in the range of 1.45 to 1.60 g/cm 3. The soil strength appears to be higher in the vicinity of the site of the Apollo 14 lunar surface experiments package, and trench data suggest that strength increases with depth. Lower-bound estimates of soil cohesion give values of 0.03 to 0.10 kN/m 2, which are lower than values of 0.35 to 0.70 kN/m 2 estimated for soils encountered in previous missions. The in situ modulus of elasticity, deduced from the measured seismic-wave velocity, is compatible with that to be expected for a terrestrial silty fine sand in the lunar gravitational field.
Implications o[ blowing dust. The lunar soil removed by the engine exhaust gas is ejected radially from the surface below the spacecraft at predominantly low angles to the horizontal. There is thus, during the descent, a region from which soil is being removed, and an adjacent region, kilometers in lateral extent, on which the ejected particles descend. Since the. spacecraft traverses laterally over the surface at a decreasing altitude, erosion in some regions will be followed by deposition of parti- Station G is slightly south of due east of the landing site at a distance of about 230 meters (750 feet). In the descent movie, the first signs of blowing dust are visible as the spacecraft passed over North Crater. Consequently, a small amount of erosion took place at station G as the spacecraft passed by during descent. This erosion is probably not significant to the analysis of the special environmental sample. However, the amount of material removed from the sur-SOIL AT APOLLO 14 SITE face increases greatly as the spacecraft descends, and major quantities are eroded from the landing site.
The concentration of particles arriving at station G and originating from the landing site can be estimated by comparison with the observations of the Apollo 12 mission. The Apollo 12 lunar module landed 155 meters (510 feet) from the Surveyor 3 spacecraft, which at the time had been on the lunar surface 31 months.
Detailed study of the Surveyor 3 camera revealed a distinct shadow pattern on the paint, and this pattern was shown [Ja#e, 1971 ] to arise from a lunar soil sand blasting. It was demonstrated, moreover, that the sand-blasting particles came from the Apollo 12 landing site rather than from a sequence of points along its landing track. The particles must have had a velocity greater than about 70 meters per second with a shallow angle trajectory to have reached the Surveyor spacecraft and must have arrived at a fairly high concentration to have achieved the sharpness of shadow effect observed. The abrasion appears to be uniform, and there is no indication of individual impacts. Therefore, the surface or surface coating has been struck by so many particles that their impact areas overlap. It will be assumed that the majority of particles reaching Surveyor were of micrometer size or larger and that the average diameter of each impact might be of the order of 10 •m. If it is further assumed that the area of impacts just saturates the surface (conservative), it appears that each square centimeter of the abraded area was subjected to impact by about 106 particles. One of us (Scott) has examined the Surveyor 3 surface sampler (also exposed to blowing dust) in detail at about 100 magnification, at which he should certainly have been able to see any impact marks in the size range of order 100 •m, but there were none. Therefore, it can be tentatively concluded that each square centimeter of the Surveyor camera saw at least 10 • particle impacts from the material eroded by the descent engine.
As a check, it is found that these numbers correspond to removal of the lunar soil to a depth of 3 or 4 cm over a diameter of 5 meters from the lunar surface below the descent engine nozzle. This is compatible with astronaut observations. 3. Plagioclase and pyroxene are the most abundant, the plagioclase to pyroxene ratios varying from 16:1 to 1:2. This ratio varies both from sample to sample and from one size fraction to another. Some olivine is present. 
ADHESIVE AND COHESIVE CHARACTERISTICS
Objects brought into contact with the lunar surface or with flying dust tended to become coated, although the layer generally remained thin. The equipment transporter sprayed dust around; however, thick layers did not form on any of the component parts, and no 'rooster tail' dust plume was noted behind the transporter wheels.
Although dust adhered readily to the astro-•tauts' suits, it could be brushed off easily, except for that part that had been rubbed into the fabric. Dust sprinkled onto the thermal degradation sample array was easily brushed off, although that part of the dust that filled in the recessed number depressions of the sample tended to cohere. In this case, the dust formed into the pattern of the numbers; then, when the sample was tapped, the dust remained intact and bounced out of the depression, retaining the shape of the depression. Table 3 . When the pilot pushed with both hands, no difficulty was experienced in penetrating deeper into the lunar surface, which indicates that the penetrometer had not struck a rock during the one-hand part of each test. The forces associated with the one-handed and twohanded modes shown in Table 3 
where F is the lunar soil resistance, F• is the point resistance, and F s is the skin friction. Both components are functions of soil strength, density, and compressibility and of frictional characteristics at the penetrometersoil interface. Of the two types of resistance, point resistance is by far the more sensitive to variations in soil properties.
A general expression for skin friction is
where L is the unit skin friction, D is the shaft diameter, and z is the penetration depth. The unit skin friction is commonly calculated by using the equation
where 7 is the unit weight of the soil, K is the coefficient of lateral earth pressure, and tan a 
IN SITU PARTICLE-SIZE DISTRIBUTION
A preliminary analysis has been made to compare behavior during surface penetration and trenching with that predicted on the basis of the Apollo 11 and 12 particle-size distribution curves given by Shoemaker et al. [1969, 1970] . For the analysis, the assumptions have been made that particle-size distribution does not vary with depth and that the volumetric ratio of variously sized particles equals the area ratio The ratio of this influence area to the total sample area represents the probability of striking a critical particle .in a unit volume. The analysis is conducted to any desired depth, and the cumulative probability of not encountering a critical obstructing particle is calculated. The probability analysis was used to determine the likelihood that the three penetrometer penetrations could be made to the full depth of the instrument (68 cm) without encountering a rock equal to or larger than the diameter of the instrument (0.95 cm). The prQbability for the three events was calculated to be 51%.
The four core-tube events were analyzed in a similar manner. The combined probability of the four tubes being driven to their respective depths without encountering a fragment equal to or greater than the core-tube diameter (1.95 cm) was 67%. In fact, one of the core tubes (tube 2022) hit an obstruction. The probability that one or more core tubes would hit an obstruction was only 33'%.
The Apollo 11 and 12 size distribution curves were also used to predict the number of particlos of a given size that should be found in the 
where p is density, and v is Poisson's ratio.
Combinations of modulus, density, and Poisson's ratio corresponding to a velocity of 104 m/sec are shown in Figure 13 . From a number of studies on cohesionless terrestrial soils, it is known that Young' modulus at small deformation is related to confining pressure (rs according to E = Kp,(as/p,)"
where K and n are parameters dependent on soil type, and pa is terrestrial atmospheric pressure in the same units as (rs. Kulhawy et al.
[1969] have shown that for well-graded sands Values of lunar soil properties given as either ranges or averages.
According to descending geologic age.
These values of density are somewhat higher than those estimated on the basis of coretube data (Table 2) The importance of these results is that special or unusual soil properties need not be assumed in order to account for the low seismic velocities. On the moon, the low-gravity conditions result in low confinement, which in turn gives a low seismic velocity.
CONCLUSIONS
The results of the Apollo 14 mission have provided new insights into the properties and behavior of the soil at the surface of the moon.
Some of the more significant findings resulting from the analyses herein are as follows: 1. A greater variation exists in the characteristics of the soil at shallow depths (a few centimeters) in both lateral and vertical directions than had previously been supposed, and soil with a particle-size distribution in the medium-to coarse-sand range may be encountered at shallow depths.
2. There is evidence that venting from the soil voids of descent-engine exhaust gas after engine shutdown caused fine particle movement.
3. Particles eroded by the exhaust plume of the lunar module descent engine during landing were distributed over a large area around the final touchdown point.
4. As had been the case in previous missions, dust was easily kicked up and tended to adhere to any surface contacted.
5. Soil density determined from a double core-tube sample taken at station A was about 1.60 g/cm'. These values are lower than those obtained from the Apollo 12 core tubes, but are well within the range thought to be character- (Table 4) 
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